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BACKSIDE UNLAYERING OF MOSFKET
DEVICES FOR ELECTRICAL AND
PHYSICAL CHARACTERIZATION

This 1s a continuation of application Ser. No. 10/752,162,
filed on Jan. 6, 2004, which 1ssued as U.S. Pat. No. 7,015,
146 on Mar. 21, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an apparatus and pro-
cesses Tor backside thinming of MOSFET devices as a fully
packaged die or 1n a waler-to-waler fragment form.

2. Description of Related Art

Advanced semiconductor technology including Ultra
Large Scale Integrated circuits (ULSI), Bipolar-CMOS
hybrid devices (BICMOS), Microelectronic Mechanical
Systems (MEMS), and the like, employ a diversity of
semiconductor materials such as, for example, silicon, sili-
con on insulator, strained silicon junction, silicon germa-
nium, germanium, gallium arsenide, and the like. These
advanced semiconductor technologies mvolve increasingly
shrinking feature sizes, thinner gate dielectric film thickness
and high-k dielectric constant gate layers combined with the
complexity of strained silicon shallow junctions, buried
oxide SOI films (with thinner buried oxide films to reduce
capacitance), bonded water substrates, and the like.

The dificulties of accessing front end of line (FEOL)
device structures for device measurements, device chip
repair, device design verification, and device electrical and
physical characterization, while maintaining both device
functionality and 1integrity, through back-end-of the-line
(BEOL) unlayering dictates accessing the device being
ivestigated through a backside, 1.e., chip die substrate
unlayering. Flip chip die attachment to module substrate
turther necessitates this backside approach 1n order to main-
tain full functionality of the module under mnvestigation.

Conventional techniques for backside access to FEOL
devices include global thinming of the silicon substrate,
tollowed by wet etch removal of the buried oxide layer for
access to the desired FEOL device, or by reactive 1on etch
or plasma etch. The wet etch approach may involve, for
example, BEOL unlayering via the application of a mixture
of de-ionized water and hydrofluoric acid, following by
application of cestum hydroxide heated to an elevated
temperature to remove substrate layers from the backside of
the device for exposing a buried oxide layer for access to
FEOL devices. In an alternate conventional backside unlay-
ering approach, focused 1on beam microscopy (FIB) 1s used
to unlayer the device from the backside to open a window in
the silicon substrate and the buried oxide layer for access to
the FEOL device. Alternatively, laser micro chemical
(LMC) processing may be applied for removal of silicon or
polysilicon matenals.

However, these conventional approaches of wet etch, FIB
microscopy for backside unlayering or LMC to access FEOL
devices are plagued by a number of drawbacks.

In the mstance of laser microchemical (LMC) removal,
only silicon and polysilicon materials can be selectively
removed. For wet etch processing, the uncontrollability of
certamn wet etch chemistries n BEOL unlayering often
results 1n attack of both the buried oxide layer and under-
lying layers not intended for removal. Wet chemistries also
involve 1onic species that are often residually left on the
device. The residues of these wet chemistries can cause
leakage paths and/or shorts 1n the device being unlayered. In
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addition, wet etch chemistries often undercut surrounding
layers of the area of the device under investigation, such that
these undercuts adversely aflect junction regions, alter the
strain silicon junctions, as well as change the electrical and
physical properties of the device being unlayered. Further,
the uncontrolled nature of wet etchants may result 1n non-
uniform removal of the buried oxide layer, leaving behind
regions where the buried oxide layer 1s not completely
removed and other areas where device regions are exposed
or overetched.

Backside unlayering for access to FEOL devices using
conventional FIB microscopy approaches also has several
limitations and shortcomings. For instance, the high accel-
eration beam voltages, such as those of 6 keV to 50 keV, can
charge localized regions of the device under investigation
such that damage occurs to the thin gate oxides or high-k
films. Also, the high atomic number of gallium 10ns used 1n
FIB associated with the liqud galllum source may interact
with the device being processed such that leakage paths
and/or shorts occur in the device or alter the threshold
voltage device characteristics. The etch chemistries of the
gases used in FIB processing, such as, XeF2, Br2, CI2, can
also lead to undesirable leakage paths, shorts, and shifts 1n
threshold voltage characteristics of the device undergoing
FIB processing.

Thus, as the thickness of buried oxide films continue to
decrease with advanced technologies, such as those devices
having buried oxide film thickness ranging from between
1100 Angstroms to 550 Angstroms (or lower), the proximity
of the highly energetic accelerating FIB beam to the FEOL
device imposes limitations on the ability of opening win-
dows from the backside of the buried oxide for access to the
FEOL device. In addition, the heat generated by the high
atomic number 1n 10n beam at the site where the FIB beam
1s 1ncident on the region of the device being processed can
casily alter, change, or modily the electrical characteristics,
as well as aflect the strain silicon junction regions of the
FEOL device being processed.

In addition to the above problems associated with con-
ventional backside unlayering, other problems associated
with conventional topdown unlayering techniques for access
to the FEOL device become even more prominent when high
numbers of BEOL interconnection levels, e.g., eight or more
copper interconnection layers, are present on the device
undergoing topdown processing. Also complicating any
attempt for circuit side unlayering for access to FEOL
structures 1s the combination of BEOL low-k (1.e. k<2.5)
interlevel dielectric films, such as those with low modulus
physical properties, as well as the presence of hard mask
film layers employed as etch stop layers during chemical
mechanical planarization (CMP) processing.

For example, results of a SOI MOSFET after conven-
tional backside unlayering processing via chemical etch
removal and heat are shown 1n FIGS. 1 and 2. The chemical
ctch unlayering to remove the buried oxide layer of the SOI
region results 1n 1sotropic chemical etch attack causing
undercutting, damage and non planar etch removal, collec-
tively shown as 200, of the MOSFET active implant regions
123. The 1sotropic chemical etch attack also extends beyond
the active silicon implant junction regions to damage 201 the
buried oxide layer 126. FI1G. 2 illustrates, from a backside
view, enfire regions of undercut and damaged implant areas
of the MOSFFET of FIG. 1 as a result of such conventional
chemical etch removal unlayering. In addition, conventional
backside unlayering processing also commonly attack the
liner region between the shallow trench insulator and the
active silicon implanted regions. Conventional chemical
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1sotropic etch methods result in selective etching of the
circumierential region around 1nterconnection vias extend-
ing down to the active silicon implant region. This 1n turn,
results 1n undercutting and damage 200, 201 of implant areas
rendering the SOI MOSFET of FIGS. 1 and 2 non-functional
for any subsequent electrical characterization by sub-micron
atomic force microscopy contact measurements, non contact
capacitive measurements or by sub micron tungsten wire
contact probing.

In addition, alternative methods utilizing laser assisted
chemical etching for backside thinning are limited to unlay-
ering of silicon films or polysilicon films, and are generally
not eflicient for unlayering of silicon oxide, buried oxide
layers, shallow trench insulator films (typically oxide or
tetraorthosilicate films), as well as substrate materials
including germanium, gallium arsenide, and silicon germa-
nium materials.

Still other known techmiques for access to FEOL devices
include those that involve non-contact methods of semicon-
ductor backside analysis such as, but not limited to, emission
microscopy, inirared wavelength imaging, light imduced
voltage alteration (LIVA), thermal induced voltage alter-
ation (TIVA), optical beam 1induced resistance change
(OBIRCH), and optical induced beam current (OBIC).
These no contact methods of analysis are dependent on
backside thinning of heavily doped substrate materials to
permit backside imaging. However, such backside imaging,
does not require full backside unlayering to the active silicon
(1.e., shallow junction implant regions) or the exposure of
the tungsten 1nterconnect vias, and as such, electrical char-
acterization thereol cannot be accomplished.

Accordingly, as device geometries continue to shrink 1n
s1ze, Turther improvements are required for backside unlay-
ering to access smaller FEOL devices for the electrical
characterization thereof, while maintaining device integrity,
reliability and functionality.

SUMMARY OF THE INVENTION

Bearing in mind the problems and deficiencies of the prior
art, 1t 1s therefore an object of the present invention to
provide a method and apparatus for die or wafer backside
unlayering, prior to electrical probing and/or characteriza-
tion of a site specific MOSFET device, that avoids damaging,
or rupturing the gate film, particularly gate films less than
about 2 nm 1n thickness, and/or high dielectric constant gate
films (1.e., greater than about 10).

Another object of the present invention 1s to provide a
method and apparatus die/wafer backside unlayering of
films including, but not limited to, silicon oxide, buried
oxide layers, shallow trench insulator films (e.g., oxide or
tetraorthosilicate films), germanium, gallium arsenide, and
silicon germanium maternials, as well as substrate layers
including bulk silicon, bonded SOI substrate materials,
strained silicon, and shallow junctions (e.g. those less than
about 80 nm),

Yet another object and advantage of the invention 1s to
provide apparatus and methods that eliminate any atlects
induced by surface amorphization damage associated with
high accelerating beam potential (>1 KeV to 300 KeV) of
conventional FIB microscopy processing.

Still another object of the present invention 1s to provide
a planar unlayering process that compensates for non-
uniform, irregular FEOL features and/or layers as viewed or
unlayered from the backside of the die or water.

A further object and advantage of the invention is to
provide apparatus and methods that avoid any charge-
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induced damage associated with RF plasma sources or those
associated with focus 1on beam systems.

Other objects and advantages of the invention will 1n part
be obvious and will 1n part be apparent from the specifica-
tion.

The above and other objects and advantages, which waill
be apparent to one skilled i1n the art, are achieved in the
present invention, which 1s directed to, 1n a first aspect, a
method of processing a backside of a semiconductor device
by providing a semiconductor having a backside surface
within a processing chamber. A window 1s formed 1n the
backside surface of the semiconductor, and then a collimated
ion plasma 1s generated within such processing chamber.
This collimated 1on plasma 1s focused so as to contact the
semiconductor only within the window by passing the
collimated 1on plasma through an opening 1n a shield within
the processing chamber. The focused collimated 1on plasma
then contacts the semiconductor only within the window for
the uniform removal of semiconductor layering such that the
semiconductor features, 1n a location on the semiconductor
corresponding to the backside window, are exposed.

In another aspect, the mvention 1s at least directed to a
method of processing a backside of a semiconductor device
by providing a processing chamber having a rotating, tilting
stage. A semiconductor, having at a back side thereof a
substrate layer over an insulator layer, 1s provided within the
chamber. The 1nsulator layer of this semiconductor includes
a plurality of semiconductor features therein. The semicon-
ductor 1s positioned in the chamber on the rotating, tilting
stage, and then a window 1s formed extending into the
substrate layer at the semiconductor backside. A collimated
ion plasma 1s generated in the chamber, and then passes
through an opening 1n a shield within the processing cham-
ber for focusing the collimated 10n plasma such that it only
contacts the semiconductor within the backside window. The
focused collimated 10n plasma contacts the semiconductor 1n
the window while simultaneously rotating and tilting the
semiconductor on the stage. This enables uniform removal
of any remaining substrate layer as well as the insulator layer
within the window for exposing selected ones of the plu-
rality of semiconductor features for a subsequent processing,
step.

In still another aspect, the invention 1s at least directed to
a system for processing a backside of a semiconductor
device. The system includes a processing chamber with a
semiconductor therein. This semiconductor has a plurality of
layers and a window located at its backside. An 1on source
1s within the processing chamber, as well as at least first and
second collimators. Within the processing chamber, the
collimators are located between the i1on source and the
semiconductor. A shield having an opening i1s the chamber,
between the collimators and the semiconductor, such that the
system generates a collimated 1on plasma which 1s focused
through the opening so as to only contact the semiconductor
within the backside window. This advantageously enables
umiformly removing selected ones of the plurality of semi-
conductor layers exposed through the window, such that
FEOL semiconductor features of the semiconductor are
exposed for probing.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The features of the invention believed to be novel and the
elements characteristic of the invention are set forth with
particularity in the appended claims. The figures are for
illustration purposes only and are not drawn to scale. The
invention 1itself, however, both as to organization and
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method of operation, may best be understood by reference to
the detailed description which follows taken in conjunction
with the accompanying drawings in which:

FIG. 1 1s a prior art cross section illustration of a SOI
MOSFET processed by conventional chemical etch unlay-
ering methods to remove the buried oxide layer of the SOI
region whereby the chemical etchant extends past the active
silicon 1mplant junction regions and selectively etches the
region around the interconnection via resulting 1n a struc-
turally and electrically damaged MOSFET device.

FIG. 2 1s a prior art backside view of the unlayered SOI
MOSFET of FIG. 1 showing entire regions of the implant
regions of the various MOSFET devices undercut and dam-
aged, rendering the MOSFET devices under investigation
non-functional for any subsequent electrical characteriza-
tion.

FIG. 3A 1s an oblique view of a backside unlayered region
ol a semiconductor device, with an exploded cross sectional
view ol the site-specific MOSFET device for processing in
accordance with the invention, wherein a window 1s formed
at the backside over such site-specific MOSFET device.

FIG. 3B 1s a cross sectional view of the exploded site-
specific MOSFET device of FIG. 3A showing that “win-
dow” or opening of the invention i1s formed directly over the
site specific MOSFET device and over the buried oxide
layer.

FIG. 4A 1s an oblique view of the unlayering step of the
invention with a low energy 1nert collimated 1on beam being
targeted at the MOSFET device backside within the window
of FIGS. 3A-B.

FI1G. 4B 1s a cross sectional view of the unlayering step of
the invention with low energy inert collimated 10n beams in
combination with a gas for Chemical Assisted Ion Beam
Etching targeted at the MOSFET device backside within the
window of FIGS. 3A-B.

FIG. 5 1s a backside cross sectional view showing the
MOSFET device of FIGS. 4A-B upon completion of the
backside unlayering of the non planar features 1n accordance
with the invention, such that the device has been unlayered
down to 1ts active area without damaging device structures,
such as the thin gate films, as well as backside unlayering of
the MOSFET device to expose the FEOL wvia for subsequent
clectrical characterization.

FIG. 6 1s a backside unlayered schematic drawing show-
ing the results of the present conformal backside unlayering
of non-planar surfaces of the MOSFET device of FIG. 5,
depicting the absence of any undercutting of active silicon
(implant regions) areas while maintaining device function-
ality 1n accordance with the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

In describing the preferred embodiment of the present
invention, reference will be made herein to FIGS. 3A-6 of
the drawings 1n which like numerals refer to like features of
the invention. Features of the invention are not necessarily
shown to scale 1n the drawings.

The present invention 1s directed to an apparatus and
processes for backside thinning of semiconductor devices,
either as a fully packaged die or 1n water to water fragment
form. In the invention, the backside of the structure for
processing 1n accordance with the invention may be a
backside of a semiconductor device, waler, water fragment,
die, packaged die and the like.

Preferably, the apparatus and methods of the invention are
utilized for backside thinning, or unlayering, of a site
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specific MOSFET device 1n a packaged die, or from a water
fragment while maintaining MOSFET device electrical
functionality. These MOSFET devices may include, but not
limited to, sub-130 nanometer node CMOS BICMOS, Si1Ge,
Galllum Arsenmide, technologies. Substrate materials
involved 1n these technologies may include bulk silicon,
s1licon on 1nsulator (SOI), strained silicon (SE), polysilicon,
silicon oxide, silicon germanium, germanium, gallium ars-
emide, buried oxide layers, shallow trench insulator films,
and the like.

Still further, the present invention may be used to back-
side unlayer FEOL structure films that are non-planar,
comprised of dissimilar materials, or even both, to enable
selective backside delayering of a site specific MOSFET
device for subsequent electrical characternization thereof.
These dissimilar, non planar films may include, but are not
limited to, tungsten, titanium nitride, silicon nitride, heavily
doped silicon, buried oxide films, shallow trench insulator
films, high density plasma deposited oxide, high density
plasma deposited nitride, chemical vapor deposited tet-
raorthosilicate films, and the like.

A cntical feature of the present backside unlayering of a
site specific MOSFET device 1s that 1t maintains the elec-
trical integrity of this site specitic MOSFET device to enable
subsequent electrical characterization and physical analysis.
For example, the mvention advantageously permits subse-
quent sub micron contact probing, such as for example, via
contacting Atomic Force Microscopy (AFM), Scanning
Probe Microscope (SPM), Atomic Force Probing (AFP), and
non-contact probing (AFM and SPM) of the exposed FEOL
structures composing MOSFET devices. Measurement of
clectrical anomalies in MOSFET devices employing the
apparatus and methods of the present backside unlayering
approach advantageously permits further refinement 1n pro-
cess simulation models and optimization of MOSFET
device designs, as well as improvements in reliability and
process yields.

For ease of understanding the invention, reference 1s
made to FIGS. 3A-6, however, 1t should be appreciated that
the foregoing invention may be applied to a vanety of
differing semiconductor technologies as discussed above.

Retferring to FIGS. 3A-B, MOSFET device 10 1s shown
having a backside 12 thereof for unlayering, 1.e., layer
removal, to a site-specific MOSFET device as shown within
dashed line 16, and its exploded view, of the site-speciiic
MOSFET device. This backside 12 for unlayering may be a
backside of a chip, die, waler fragment, 1.¢., diced wafer, and
the like. As illustrated 1n a more detall view from the
backside of the semiconductor device in FIG. 3B, the
site-specific MOSFET device within dashed line 16 may at
least include a substrate layer 28, such as silicon, and an
insulator layer 26, such as buried oxide layer 26, with a
number of front-end-of-line (FEOL) semiconductor features
within the insulator layer including, for example, but not
limited to, an interconnection plug or via 20, active areas 23
and shallow implant trench insulator junctions 24. The
shallow implant junctions 24 are preferably implanted to a
depth or thickness of less than about 80 nm, while the gate
f1lm 1s preferably less than about 2 nm 1n thickness, and may
be a matenial including gate oxide, gate nitride, a high
dielectric constant material, and the like.

FIG. 3B further illustrates, from a backside view of the
device, the non-planar nature of the Ifront-end-of-line
(FEOL) films of the MOSFET device, for which, the present
invention 1s particularly useful in backside unlayering of
non-planar FEOL films of the MOSFET device. The non-

planar nature of the FEOL films include, for example, the
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shallow 1mplant trench insulator junctions 24 extending
beyond the plane of the active region 23, as well as the
interconnection vias 20 extending beyond the plane of the
active regions 23. As should be appreciated, other non-
planar FEOL features of the MOSFET device may include,
but are not limited to, a liner material (not shown) residing
between the trench insulator junctions 24 that extends
beyond the active regions 23, a circumierential liner (also
not shown) surrounding the via 20 extending beyond the
active region 23, and the like.

As discussed above, conventional approaches for back-
side unlayering encounter difhiculties 1n unlayering these
non-planar features/films of the device undergoing backside
unlayering. Diflerent materials that the FEOL features/films
are made of also pose significant challenges for uniform
backside unlayering with conventional approaches. Still
turther, conventional methods of backside unlayering gen-
erally involve a high frequency (1.e., 13.56 MHz) RF plasma
energy, which can rupture the thin gate dielectric films due
to plasma charging eflects. The present invention overcomes
these problems associated with conventional approaches for
backside unlayering by providing a method and apparatus
for the uniform backside unlayering of both planar and
non-planar features/films, as well as films/features of dit-
ferent materials, of a site specific MOSFET device being
processed while maintaining the MOSFET device electrical
functionality.

Referring to FIGS. 4A-B, in accordance with the inven-
tion, MOSFET device 10 1s posﬂwned within a processmg
chamber 100 for backside processing, such as a 1on milling
chamber, laser-assisted chemical etching (LLCE) chamber, a
computer numerically controlled (CNC) milling chamber,
and the like. Preferably, processing chamber 100 1s an 10n
milling chamber. Optionally, backside 12 of the MOSFET
10 may be globally thinned. This may be accomplished by
globally thinning the backside 12 of the MOSFET 10 prior
to entry 1nto the processing chamber 100, or alternatively,
globally thinning the backside 12 of the MOSFET 10 within
processing chamber 100.

Once within processing chamber 100, an opening or
window 30 1s formed in the backside of the MOSFET
device, preferably 1n the thinned backside of the MOSFET
device 10. Wherein the MOSFET has been thinned, both
thinning and the formation of window 30 within the thinned
MOSFET may be accomphshed within processing chamber
100 by consecutive processing steps. In the preferred
embodiment, the MOSFET 1s thinned via milling within 10on
milling chamber 100, and then subsequently window 30 1s
formed 1n the thinned MOSFET backside within the same
milling chamber.

The window 1s preferably formed 1n substrate layer 28 of
MOSFET device 10, as shown 1n FIGS. 3A-B, by localized
site milling either with laser microchemical etching or
computer numerically controlled milling at the backside 12
of MOSFET 10. Window 30 may be milled at the backside
of the MOSFET to a depth extending from about 30% to
about 80% 1nto the substrate layer 28, preferably from about
30% to about 50% into the substrate layer 28. That 1s,
window 30 does not traverse through substrate layer 28, and
as such, i1t does not contact the underlying buried oxide layer
26 and/or gate film. This window 30 1s milled in the
substrate layer 28, over the site-specific MOSFET device
within dashed line 16 for subsequent electrical and physical
characterization thereof. In the preferred embodiment, the
window 1s formed in the thinned substrate layer 28 at the
backside of MOSFET 10 to a depth ranging from about 50

um to about 300 um, preferably from about 50 um to about

10

15

20

25

30

35

40

45

50

55

60

65

8

100 wm, from a top surface of the buried oxide layer 26.
Optionally, prior to further processing, any residual silicon
may be removed. For example, cesium hydroxide at elevated
temperature may be used to selectively remove any single
crystal silicon.

An essential feature of the invention i1s that this further
processing occurs only within window 30 at the MOSFET
backside such that the mvention advantageously allows for
maintaining integrity, strength and reliability of the semi-
conductor device being processed. Additionally, this back-
side unlayering processing within window 30 avoids any
induced stress risks associated with the conventional back-
side unlayering processes discussed above which remove the
entire substrate layer 28 (not just within window 30) to
expose the underlying buried oxide layer 26.

In accordance with the invention, once window 30 1s
formed 1n the backside of MOSFET 10, the present backside
unlayering to expose FEOL features and/or films of MOS-
FET 10, and 1n particular unlayering of non-planar FEOL

films, proceeds by performing collimated 1on beam milling
only Wlthlll window 30 at the backside 12 of the MOSFET.

In so doing, as shown in FIGS. 4A and 4B, MOSFET
device 10 resides on a temperature controlled, rotating,
tilting stage 90 within processing chamber 100 during the
processing in accordance with the imnvention. The stage 90
may be temperature controlled to temperatures ranging from
about —30° C. to about 150° C., preferably from about -5°
C. to about 80° C., du uniform backside unlayering process-
ing of the mvention. The temperature of stage 90 may be
varted 1n these ranges during the present processing as
needed for either accelerating chemaical assisted 1on milling
rates, or alternatively, slowing chemical assisted 10n milling
rates of the invention.

An 10n source 40 also resides within the chamber 100 at
a location above a surface area of the MOSFET device to be
processed. This 1on source may be a source that generates
inert 10n beams 44 such as, but not limited to, argon, helium,
neon, xenon, and the like. At least two, and preferably three
collimators 31, 52, 53 also reside within the processing
chamber 100. Collimators 51, 52, 53 cach include a grid
having a plurality of openings such that the openings on
collimators 31, 52, 53 are aligned with each other for
allowing generated 1on beams to pass through each of the
collimators for focusing thereof. The collimators may be
comprised of molybdenum or a sintered carbon matenal.
Also within processing chamber 100 1s a shield 60 having
opening 62 positioned 1n a location or distance above the
MOSFFET device 10 such that the collimated 1on beams 44
pass there-through and are focused to contact the MOSFET
device only within window 30.

In the present backside unlayering process, 1on source 40
generates low energy ert 1on beams, such as those imncident
beams having energies of about 100 eV (or even lower) to
about 650 e¢V. An R.F. pulsed switch power source is
employed to generate these low energy 1nert 1on beams, and
as such, any plasma charging issues associated with con-
ventional processing techniques 1s substantially avoided. For
example, conventional high energy 1on unlayering process-
ing, such as those having energies of about 6 KeV to 50 KeV,
commonly induce plasma charge buildup 1n the device being
processed as a result of inductively coupled plasma sources
associated with high energy 1on beams, of which the present
invention avoids.

Once these inert 1on beams 44 are generated, a magnet 70
within chamber 100 resides at a distance substantially close
to the 10n source for containing the excited plasma, 1.e., inert
1on beams 44, within a confined area as shown in FIGS.
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4A-B. The magnet may have a voltage ranging from about
0.8V to about 2 Volts. The inert 10n beams 44 are then drawn
toward the collimators having grids aligned to one another.
The collimators may be of cathode designs, such as filament
or non-fillament cathode design, or alternatively, of an RF
generated plasma design.

In so doing, collimators 51, 52, 53 have differing voltages
Va, Vb, V¢, respectively, ranging from about 0 Volts to 1000
Volts. In particular, the inert 1on beams 44 are generated and
drawn toward and through collimators 51, 52, 33 sequen-
tially. Wherein the system includes three collimators, 1ons
are drawn toward the first collimator 51, which 1s at a first
voltage (Va). Selected ones of the inert 1on beams 44 pass
through grid opemings of first collimator 51, and are drawn
toward the second collimator 52, which 1s at a higher voltage
(Vb) than that of first and third collimators 51, 53 (Va, Vc).
The collimated 10ns then pass through grid openings of the
second collimator 52 toward the third collimator 53 at
ground (Vc) or zero volts. Thus, wherein three collimators
51, 52, 53 are used, this second collimator 1s the accelerator
orid. However, wherein the system only includes two col-
limators 51, 52, voltages Va, Vb will be Va being the
accelerator and Vb at ground. The net result 1s a collimated
low energy beam ranging from 100 electron volts to 650
clectron volts.

The collimated 1ons 44' pass through aligned grid open-
ings of the last collimator at an accelerated rate, and then
through opeming 62 1n shield 60. This shield 60 having
opening 62 1s essential to the invention as i1t focuses the
collimated ion beams 44' such that they only contact the
MOSFET within window 30 for further backside unlayering
in accordance with the mvention.

Alternatively, as shown in FIG. 4B, prior to passing
through collimators 51, 52, 33, the low energy inert 1on
beams 44 may be mixed with gas 85 from gas source 80,
such as a gas nozzle or delivery needle. This gas source
preferably extends into the path of the ion beams 44 for
providing the computer controlled mass flow controlled gas
stream for Chemical Assisted Ion Beam Etching (CAIBE).
The resultant combination 44" of collimated ion beams 44
and gas 85 advantageously enables backside unlayering
processing of diflerent semiconductor materials, 1n addition
to the non-planarity of such differing materials, of the
MOSFET within window 30. The gas flow 1s preferably a
chlorinated or fluorinated gas, such as, CF4, SF6, CHF3, or
CF4 gases, introduced into the processing chamber at a flow
rate of less than about 200 SCCM to chemically assist the
ion milling removal of dissimilar materials from backside 12
of the device. That 1s, these gas chemistries interact with the
inert 1on beam to selectively remove layers of buried oxide
material on a rotating, tilting sample as discussed further
below.

Thus, 1n the 1nvention, both collimated 1on beams 44' and
combination 44" collimated 1on beams and gas are generated
using the cathode source or RF energy source comprising
collimators 31, 52, 33 having parallel, aligned conductive
orids, preferably, measuring over about 8 cm 1n diameter.
The resultant collimated 1ons 44', 44" have low energies
(e.g., ranging from about 100 ¢V to about 650 ¢V) and beam
diameters greater than about 8 cm with vanable Gaussian
distribution high current densities, such as 300 uA/cm”.

The collimated 1on beams 44' as shown 1n FIG. 4A, or
alternatively the mixture of collimated 1on beams 44" with
gas 85 as shown 1n FIG. 4B, then pass through an opening
62 of shield 60 to focus the collimated 1on beams, with or
without gas 85, only within window 30. That 1s, the low
energy inert collimated ion beams, such as those ranging
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from about 100 eV (or even lower) to about 650 eV, are
locally targeted at the MOSFET device backside through
shielding opening 62 so as to contact only the substrate layer
28 within window 30 for unlayering substrate layers therein,
including any non-planar features. In so doing, the shield 60
protects exposed surface areas of the MOSFET that are
adjacent to the window 30 from exposure to and contact with
the present low energy 1nert incident beams.

In addition to shielding 60 focusing the low energy inert
collimated 10n beams and gas to only within window 30, the
temperature controlled rotating, tilting stage 90, to which
MOSFET 10 1s athxed, further enhances complete planar 10n
beam/CAIBE combination removal of substrate layering
within window 30. This tilting, rotating stage 90 allows for
complete rotation and sutlicient tilting of the MOSFET so
that the 1on beam and gas can directly and entirely contact
all exposed surface areas only within window 30, including
any non-planar features, for the unlayering thereof. The
temperature controlled rotating tilting stage significantly
decreases any localized heating of device being processed,
such that i1t further avoids any undesirable aflects on the
device properties associated with localized heating of the
device, such as those aflects including undesirable changes
to the stramned silicon junction characteristics, polysilicon
gate materials, or to iterconnections.

The collimated 1on beams, with or without gas 85, contact
surfaces of MOSFET within window 30 at an incident angle
ranging from about 0 degrees to about 90 degrees, preferably
at angles ranging from 8 degrees to about 24 degrees. As the
stage rotates and ftilts, the incident angle at which the
collimated 10on beams, with or without gas 85, contact the
MOSFET may vary during processing in accordance with
the 1nvention.

The angle of incident of collimated 1on beams 44', 44" 1s
dependent upon the depth of the window to be formed 1n the
backside of the thinned device 10. In this aspect of the
invention, the larger the incident angle of the 1on beam, with
respect to the MOSFET surface in window 30 being pro-
cessed, the deeper window 30 1s formed into substrate layer
28. Likewise, the smaller the incident angle, the shallower
window 30 1s formed 1n substrate layer 28. Additionally, the
present backside unlayering process may be further
enhanced by including use of a fiber optic ruby crystal
computer controlled photo spectrometer for optical endpoint
detection to control the unlayering within window 30.

Optionally, removal of material within window 30 may be
enhanced by further including a second shield 66 with
second opening 68 in chamber 100 to defocus the larger
collimated ion beam emitted through opeming 62 of shield
60 to a smaller diameter collimated 1on beam for contacting
MOSFET. For example, shield 66 may have opening 68 with
orid diameters of about 1 mm to about 100 mm 1n diameter
to defocus the larger 8 cm collimated 10on beam emitted
through opening 62 prior to contacting MOSFET 10 within
window 30.

As shown in FIGS. 5 and 6, the device 10 has been
unlayered to provide a conformal collimated i1on milled
surface 70 of MOSFET 10 down to 1ts active area 23 without
damaging device structures, such as the thin gate films, as
compared to the damaged areas of the prior art illustration of
FIG. 2. The desired anistropic or 1sotropic substrate material
1s removed such that residual 1onic species on the device are
avoilded 1n comparison that of FIG. 2. Once exposed, the
FEOL wvias may further undergo subsequent backside pro-
cessing, including AFM contact probing, AFP probing, AFM
non-contact capacitive probing, sub-micron tungsten fila-
ment probing, to permit linear threshold voltage measure-
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ments, saturated voltage measurements of the MOSFET
features exposed from the backside of device to facilitate
subsequent electrical characterization.

Thus, 1n accordance with the invention, the present low
energy nert 1on milling selectively removes layers of buried
oxide material of device 10, which 1s being simultaneously
cooled by the temperature controlled stage 40, and rotated
and tilted on stage 40, to ultimately achieve backside unlay-
ering planarity of MOSFET device 10. This backside unlay-
ering planarity may be achieved with or without chemaical
assisted 1on beam etching using gas chemistries that interact
with the low energy 1nert 1ons. The present mnvention back-
side unlayering via low energy i1on beams having high
current densities avoids any undesirable damaging affects to
the strained silicon junctions, thin gate oxide and high-k
dielectric gate films associated with conventional unlayering
approaches that heat device 10, as well as avoids any
metallic 1on 1mplantation, surface amorphization damage
and gallium surface contamination problems association
with conventional metallic 10n source high accelerated beam
systems.

The invention advantageously avoids any antistrophic
characteristics associated with conventional unlayering pro-
cesses by providing for low energy inert 1on beam milling,
optionally 1in combination with CAIBE etching, for the
selective removal of substrate layers to expose FEOL fea-
tures and/or films for further processing. The present
CAIBE/collimated low energy 1nert 1on milling successiully
removes substrate layering down to the active silicon
implant junction levels without damaging the thin gate films,
1.€., those less than 2 nm 1n thickness. It also exposes the
FEOL features, such as tungsten vias, that extend beyond the
active silicon implant junction regions. In so doing, a critical
feature of the invention i1s that the incident 1on beam
processing of the invention does not aflect strained silicon
junction regions of the device active areas, as compared to
those conventional processing techniques, such as heat
generated by incident gallium 1on beams or the uncontrolled
1sotropic etch attack eflects of wet etch chemuistries, such as
Br2, XeF2, Cl2 gas, which damage strained silicon junction
regions as 1s shown 1n the prior art illustrations of FIGS. 1
and 2.

Further, the present methods and apparatus as applied to
backside unlayering of MOSFET devices successiully over-
come the problems of maintaining full die functionality
associated with conventional backside unlayering tech-
niques, as well as satisfies the need for site specific MOS-
FET device access via backside thinming for modern tech-
nology. The invention overcomes problems associated with
conventional backside thinning approaches associated with
FIB microscopy including, but not limited to, problems
associated with the high accelerating voltage charged par-
ticle beams, high charge buildup and/or damage to MOSFET
thin gate dielectric films from high acceleration beams, RF
plasma/reactive 1on etch induced charging or rupturing of
thin gate dielectric films, as well as avoiding aflfects of
implantation of highly energetic 1ons, such as gallium,
indium and aluminum 1ons, nto the substrate or junction
FEOL structures.

That 1s, the present invention climinates any aflects
induced by surface amorphization damage associated with
high accelerating beam potential (>1 KeV to 300 KeV) of
conventional FIB microscopy processing, as well as avoids
any charge-induced damage associated with RF plasma
sources or those associated with FIB systems, such as those
using galllum, mdium or aluminum ions. It avoids any
contamination of exposed surface areas, undercutting,
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charge buildup, 1on implantation and/or amorphization dam-
age to the MOSFET device surface structures, all of which
are commonly associated with conventional unlayering pro-
cesses, such as the results thereof shown 1n FIGS. 1 and 2,
that employ the use of positively charged focused 1on beams
of high acceleration voltages, such as those having energies
of about 30 KeV and even higher.

Further, a critical feature of the invention 1s that 1t
addresses and efliciently delayers, from a backside of the
device, any non-planar features encountered in the MOS-
FET device being subjected to unlayering in accordance
with the mvention. The invention even delayers dissimilar,
non planar features or films located on the MOSFET such as
any combination of non planar film materials including, but
not limited to, tungsten, titanium nitride, silicon nitride,
heavily doped silicon, buried oxide films, shallow trench
msulator films, high density plasma deposited oxide, high
density plasma deposited nitride, chemical vapor deposited
tetraorthosilicate films and combinations thereot. That 1s, the
methods and apparatus of the invention account for the
dissimilar materials and non planarity of FEOL films 1n
order to permit direct access sub micron contact probing,
contact AFM probing, AFP probing, SPM probing of FEOL
MOSFET devices for electrical characterization from back-
side of the die/water.

An essential feature of the invention 1s that further pro-
cessing occurs within window 30 1n substrate layer at the
backside of the MOSFET device such that the invention
advantageously allows for maintaining integrity, strength
and reliability of the semiconductor device being processed.
Additionally, this backside unlayering processing only
within the window 30 avoids any induced stress risks
associated with conventional backside unlayering processes
as discussed above which remove the entire substrate layer
28 (not just within window 30) to expose the underlying
buried oxide layer 26.

While the present invention has been particularly
described, 1n conjunction with a specific preferred embodi-
ment, 1t 1s evident that many alternatives, modifications and
variations will be apparent to those skilled in the art in light
of the foregoing description. It 1s therefore contemplated that
the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope
and spirit of the present invention.

What 1s claimed 1s:
1. A method of processing a backside of a semiconductor
device comprising:

providing a semiconductor within a processing chamber,
said semiconductor having a substrate layer at a back-
side surface of said semiconductor;

forming a window 1nto said substrate layer at said back-
side surface of said semiconductor such that said win-
dow resides within said substrate layer;

generating a collimated 1on plasma within said processing,
chamber:

focusing said collimated 10n plasma so as to contact said
semiconductor only within said window by passing
said collimated ion plasma through an opening in a
shield within said processing chamber;

contacting said semiconductor in said window with said
focused collimated 10n plasma to uniformly remove a
portion of said semiconductor for exposing semicon-
ductor features in a location on said semiconductor
corresponding to said backside window.

2. The method of claim 1 wherein said processing cham-

ber 1s selected from the group consisting of an 10n milling
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chamber, laser-assisted chemical etching chamber, and a
computer numerically controlled milling chamber.

3. The method of claim 1 further including the step of
thinning said backside of said semiconductor prior to form-
ing said window.

4. The method of claim 1 wherein said semiconductor
features comprise a plurality of features of diflering mate-
rials.

5. The method of claim 4 wherein said differing materials
are selected from the group consisting of tungsten, titanium
nitride, silicon nitride, doped silicon, buried oxide films,
shallow trench insulator films, high density plasma depos-
ited oxide, high density plasma deposited nitride, CVD
tetraorthosilicate films and combinations thereof.

6. The method of claim 1 wherein said collimated 10n
plasma has an energy ranging from about 100 eV to about
650 eV.

7. The method of claim 1 wherein said step of generating
said collimated 10on plasma within said processing chamber
COmMprises:

providing an 1on source within said processing chamber;

providing a first collimator and a second collimator within

said processing chamber;

generating an 10n plasma from said 10n source;

passing said 1on plasma through said first and second

collimators to generate said collimated 1on plasma.
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8. The method of claam 7 wherein said 1on source 1s
selected from the group consisting of argon, helium, neon
and xenon.

9. The method of claim 7 further including providing a
third collimator within said processing chamber for gener-
ating said collimated 1on plasma.

10. The method of claim 7 further including a magnet for
controlling said 1on plasma prior to passing through said first
and second collimators.

11. The method of claim 1 further including a gas mixed
with said collimated 10on plasma for chemical assisted 10on
etching said semiconductor only within said window.

12. The method of claim 1 wherein said collimated 10on
plasma contacts said semiconductor only within said win-
dow at an incident angle ranging from about 0 degrees to
about 90 degrees.

13. The method of claim 1 wherein said window 1s milled
into said substrate layer to a depth extending from about
30% to about 80% into said substrate layer.

14. The method of claim 13 wherein said substrate layer
1s thinned prior to forming said window, such that, said
window 1s milled 1nto said thinned substrate layer.
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